Background-The relationship between trait mindfulness and substance use behaviors has been inconsistent across studies. The current study is a meta-analysis aimed at quantifying the magnitude of this relationship, and at determining how this relationship varies in context of (1) mindfulness facets, (2) substance type, (3) sample characteristics, and (4) substance use severity.
Introduction
Substance use behaviors are highly prevalent in the United States (Grant et al., 2004; Lopez-Quintero et al., 2009; Kessler et al., 2005) and often result in negative consequences-such as physical and psychological, interpersonal, and legal problems (Wills, 2005) . Despite the high prevalence of substance use behaviors, only a small subset of individuals develops problematic levels of substance use (Anthony et al., 1994) . Identifying protective factors that prevent substance use behaviors and the development of problematic substance use behaviors is necessary in order to design more effective treatment and prevention approaches. One potentially important factor is trait mindfulness (Black et al., 2012; Bramm et al., 2013; Brewer et al., 2009; Brister, 2012; Marlatt et al., 2004; Rogojanski et al., 2011) . The present meta-analysis examines the relationship between trait mindfulness and substance use behaviors, along with factors that could influence this relationship (e.g. mindfulness facets, substance type, sample characteristics, and substance use severity).
Conceptualizing Mindfulness
Although there are multiple definitions of mindfulness (Baer, 2011) , mindfulness is commonly defined as a way of being that is focused in the present moment in a nonjudgmental, non-reactive, and compassionate manner (Baer, 2011; Kabat-Zinn, 1994; Kabat-Zinn, 2003) . Through mindfulness, all experiences that enter awareness (e.g. distressing emotions and thoughts) are viewed as fleeting experiences that naturally rise and fall rather than experiences that should be avoided or acted upon (Kabat-Zinn, 2003; Marlatt et al., 2004) . Mindfulness has been thought to be a naturally occurring individual difference or a dispositional trait (Brown and Ryan, 2003) that can be developed through meditative practices and mindfulness based interventions (Baer et al., 2006; Baer, 2011) . Both trait mindfulness and the cultivation of mindfulness through interventions or practices can be assessed through self-report questionnaires Brown and Ryan, 2003; Carmody and Baer, 2008; Kuyken et al., 2010) .
Examination of instructions and definitions used in mindfulness practices and interventions, along with confirmatory and exploratory analyses of existing mindfulness questionnaires, indicates that trait mindfulness is multidimensional (Baer, 2011; Baer et al., 2006) . In particular, trait mindfulness is comprised of five separate facets: (1) observing, which refers to noticing or attending to internal and external experiences; (2) describing, which refers to labeling internal experiences with words; (3) acting with awareness, which refers to attending to one's activities of the moment; (4) non-judgment, which refers to taking a nonevaluative stance toward thoughts and feelings; and (5) non-reactivity, which refers to the tendency to allow thoughts and feelings to come and go without being attached to them (Baer et al., 2006) . These facets are considered traits, and have been shown to be malleable through mindfulness interventions and practices (Baer, 2011) .
Trait Mindfulness and Substance Use Behaviors
Individuals with high levels of trait mindfulness are theorized to be better able to view aversive experiences as being transient and to be less likely to engage in substance use behaviors as a way of coping with such experiences (Brewer et al., 2010; de Dios et al., 2012; Kabat-Zinn, 2003) . Although there generally appears to be a negative relationship between trait mindfulness and substance use behaviors (Black et al., 2012; Bramm et al., 2013; Brewer et al., 2009; Brister, 2012; Rogojanski et al., 2011) , some studies have failed to find this relationship (Phillip, 2010; Rendon, 2006) or have reported a positive relationship between trait mindfulness and substance use behaviors (Leigh and Neighbors, 2009; Leigh et al., 2005) .
Inconsistencies in the relationship might be explained by (1) the use of different mindfulness facets across studies, (2) assessment of different substance use behaviors across studies, and (3) by interactions among mindfulness facets (Eisenlohr-Moul et al., 2012) . Collapsing across different mindfulness facets (e.g. observing, describing, acting with awareness, nonreactivity, and non-judgment) could weaken or obscure the robust relationship of specific facets of mindfulness with substance use behaviors (see Smith et al., 2003) . This could account for the overall small relationship between trait mindfulness and substance use behaviors found in prior studies. Indeed, the five facets of mindfulness have been shown to be differentially related with substance use behaviors-with acting with awareness, nonjudgment, and non-reactivity being the facets most frequently related to reduced substance use behaviors (Bodenlos et al., 2013; Fernandez et al., 2010; Leigh and Neighbors, 2009; Murphy and MacKillop, 2012) . Additionally, trait mindfulness might be differentially related to distinct substance use behaviors (Black et al., 2011; Fernandez et al., 2010; Robinson, 2010) . In particular, trait mindfulness has been most consistently related to alcohol use behaviors (Fernandez et al., 2010; Murphy, 2012; Murphy and MacKillop, 2012; Robinson, 2010) , but the relationship has been less consistent for tobacco use (Adams et al., 2012a; Black et al., 2011; Black et al., 2012; Luberto et al., 2011) and marijuana use behaviors (Bonn-Miller et al., 2010; Phillip, 2010) .
Study Aims
Understanding the size of the relationship between trait mindfulness and substance use behaviors, along with identifying factors influencing this relationship, would allow for a better understanding of the degree of protection trait mindfulness confers against substance use behaviors, as well as the clinical utility of mindfulness interventions or trainings in decreasing substance use behaviors. The current meta-analysis aimed to quantify the relationship between trait mindfulness and substance use behaviors, and to examine how the size of the relationship varies across (1) mindfulness facets and (2) substance type. Furthermore, in exploratory analyses, sample characteristics (e.g. clinical status, gender, age, and race) and substance use severity (e.g. problematic vs. non-problematic substance use behaviors) were examined as potential moderators of the relationship.
Method

Study Selection and Coding
Articles were identified for inclusion with searches through electronic databases (Embase, Google Scholar, MedLine, PsychArticles, PsychInfo, PubMed, and Web of Science). Mindfulness keywords were based on previous quantitative and qualitative reviews (see note for Table 1 ; Baer, 2005; Baer et al., 2006) . We also used electronic mail alerts, forward searches, and reviews of references sections to identify additional articles. For articles with insufficient information, authors were contacted to obtain additional data. Studies were included if they: (1) contained self-report measures of both trait mindfulness and substance use behaviors (see Supplemental Table for descriptions of substance use and mindfulness measures and aspects utilized across studies), (2) compared trait mindfulness in a high/low substance use group and/or if they compared substance use behaviors in a high/low trait mindfulness group, (3) were published or available in English, (4) included original data, and (5) contained sufficient and/or obtainable data to compute the trait mindfulnesssubstance use behaviors association.
In this meta-analysis, mindfulness was conceptualized as a dispositional trait that is comprised of five separate facets (observing, describing, acting with awareness, nonjudgment, and non-reactivity; Baer et al., 2006) , and was assessed with a variety of unidimensional (i.e. Mindfulness Attention and Awareness Scale) and multidimensional (i.e. Five Facet Mindfulness Questionnaire) self-report measures (see Supplemental Table) . Substance use behaviors were broadly conceptualized as substance consumption across multiple different aspects (i.e. substance use quantity, substance use frequency, problematic substance use, etc.; see Supplemental Table) . Mindfulness was measured as a continuous variable across studies, while substance use behaviors were measured as both a continuous and/or categorical variable across studies. Mindfulness measures were coded as separate mindfulness facets (based on the Five Facet Mindfulness Questionnaire; Baer et al., 2006) when possible; however, measures that were not separable into mindfulness facets were still included in the overall mindfulness-substance use behaviors association, but were excluded from the moderation analyses. Based on the descriptions of how the measures were used in the study, multiple different types of substance use behaviors were coded as problematic substance use behaviors (i.e. substance use disorder, substance dependence, substance use problems, problematic levels of substance use, etc.).
Variables included in study level coding were author name(s), publication year, type of publication (e.g. empirical article, dissertation), study design (e.g. cross-sectional or longitudinal), demographic information (e.g. percentage of male participants, percentage of Caucasian participants, mean age), clinical status of the sample (e.g. non-clinical, inpatient, outpatient), substance use severity (e.g. problematic and non-problematic substance use behaviors), and sample size. Some variables that were included in association level coding were mean and standard deviation values for mindfulness and substance use behaviors, and the statistical relationship between mindfulness and substance use behaviors. Primary moderator variables coded were mindfulness facets measured (e.g. observing, describing, acting with awareness, non-judgment, and non-reactivity) and type of substances measured (e.g. alcohol, tobacco, and marijuana). In terms of substance type, alcohol, tobacco, marijuana, prescription medication, sedative, and stimulant use behaviors were measured in the included studies.
Meta-Analytic Method
Most studies reported Pearson's product moment correlation coefficient (r) to quantify the relationship between trait mindfulness and substance use behaviors. Other quantifications (e.g. t-statistic, F-statistic, Cohen's d, difference in mean values) were converted to r values (see Lipsey and Wilson, 2010; Wilson, 2010b) . QUOROM (quality of reports of metaanalyses) guidelines were utilized in reporting study findings (Moher et al., 1999) .
Multiple r values from one sample were aggregated to ensure independence of effects (Lipsey and Wilson, 2010) . Data were coded so that higher values indicated higher levels of mindfulness and substance use behaviors. In order to adjust for sampling error, r values in each study were weighted by sample size and converted using a Fisher's Z transformation. The aggregated r values for the association between trait mindfulness and substance use behaviors were calculated from these weighted and transformed r values using SPSS 19.0 and meta-analysis macros (Lipsey and Wilson, 2010; Wilson, 2010a) . Aggregated r values were considered small when greater than or equal to 0.10, medium at 0.25, and large when greater than or equal to 0.40 (Lipsey and Wilson, 2010) . To address the file drawer problem (tendency to selectively publish positive results over null results), Orwin's fail-safe N analysis was used to estimate the number of studies with null findings that would cause significant aggregated r values to drop to non-significance (Lipsey and Wilson, 2010) . Study bias and effect size asymmetry were examined using Egger's regression test of asymmetry, wherein intercept values that deviate more from zero indicate higher levels of study bias (Egger et al., 1997) .
The trait mindfulness-substance use behaviors relationship was analyzed using the Meta-Effect Size (Meta-ES) macro. The I 2 index and the Q test were used to examine heterogeneity in the relationships between trait mindfulness and substance use behaviors. The Q test provides information on whether the variability among reported r values across studies is greater than what is likely to have resulted from sampling error alone (Lipsey and Wilson, 2010) , while the I 2 index provides the percentage of total variability among r values caused by true heterogeneity rather than by sampling error (Huedo-Medina et al., 2006) . Moderation analyses were conducted if the trait mindfulness-substance use behaviors relationship was heterogeneous. Moderation analyses with categorical moderators were analyzed using the Meta-Analysis of Variance (Meta-F) macro and moderations with continuous moderators were analyzed using the Meta-Regression (Meta-Reg) macro. For aggregated r value and moderation calculations, the random effects model was used to generate the most conservative and accurate, and the least biased r value estimate (Hedges and Vevea, 1998; Schmidt et al., 2009 ).
Results
Sample of Studies
Literature searches resulted in the identification of 303 possible studies for inclusion. Studies were excluded if they (1) did not measure trait mindfulness and/or substance use behaviors (n = 89), (2) were mindfulness based intervention or training studies that did not measure trait mindfulness (n = 65), (3) were review or meta-analytic articles that did not report original data (n = 65), (4) were non-English articles without translations (n = 7), (5) contained similar information to another article and did not report new data (n = 7), (6) were unobtainable from any sources (n = 5), (7) were case reports for which r values could not be calculated (n = 9), (8) were letters without original data (n = 1), or (9) had insufficient information to calculate r values that could not be obtained by contacting the authors (n = 17) (See Figure 1) .
The final sample consisted of 39 studies (see Table 1 )-with 39 independent r values for the overall trait mindfulness-substance use behaviors relationship, 61 r values for the mindfulness facet moderation, and 39 r values for the substance type moderation. Mean size of the samples included was 377.40 (SD = 883.07). The mean age for the sample was 26.51 (SD = 8.71, ). In terms of race, 67.6% of studies in the sample had predominantly Caucasian subjects, with the mean percentage of Caucasian individuals across studies being 70.23% (SD = 25.60%, range = 0% -98%). Mean percentage of male individuals in the sample was 45.72% (SD = 23.06%, range = 0 -100%). Less than half of the included studies (38.1%) reported using a convenience sample of college students. In terms of clinical status, 74.4% of the studies used a sample of non-clinical individuals, 17.9% used a sample of outpatient clinical individuals, and 7.7% used a sample of inpatient clinical individuals.
Meta-Analytic Findings of Trait Mindfulness and Substance Use Behaviors
Pearson correlation coefficients for the trait mindfulness-substance use behaviors relationship ranged from -0.57 to 0.21. The aggregated sample size weighted r value of trait mindfulness was small and significant (based on 39 r values; r = -0.13, N = 14,136), with a 95% confidence interval between -0.17 and -0.10 (see Table 2 ). A fail-safe N test for this relationship revealed that it would take 288 missing studies with null effects to reduce this aggregated r value to non-significance. Variation across the weighted aggregated r values was greater than expected by chance (Q = 122.14, df = 38, p < 0.001). Heterogeneity analysis with the I 2 index indicated that 69% of total variation was due to between study variability rather than sampling error. Egger's regression test of asymmetry resulted in an intercept value of 0.01 (p = 0.98), indicating no significant amount of asymmetry and consequently no significant amount of study bias (see Egger et al., 1997) . The funnel plot (see Figure 2 ) indicates a generally symmetric distribution of effect sizes, with most effects around the mean intercept, thus noting that study bias is unlikely. Effect sizes were generally normally distributed, with no outliers (Figure 2 ).
Mindfulness Facet Moderation
Intercorrelations among the separable mindfulness facets indicated interesting patterns of relationships among the traits. Describing was significantly and positively associated with acting with awareness (r = 0.85, p = 0.001) and non-judgment (r = 0.82, p = 0.002), but not with non-reactivity (r = 0.53, p = 0.14). Acting with awareness was significantly and positively associated with non-judgment (r = 0.86, p < 0.001), but not with non-reactivity (r = 0.31, p = 0.39). Non-judgment was significantly and positively associated with nonreactivity (r = 0.65, p = 0.02). Observing was not significantly associated with describing (r = 0.12, p = 0.73), acting with awareness (r = -0.12, p = 0.73), non-judgment (r = 0.28, p = 0.40), and non-reactivity (r = -0.01, p = 0.99).
The Q b statistic indicated that mindfulness facet fell short of significance as a moderator of the relationship between trait mindfulness and substance use behaviors (Table 3 ; based on 61 r values; Q b = 8.42, df = 4, p = 0.08). Acting with awareness (aggregate r = -0.13, p = 0.001), non-judgment (aggregate r = -0.15, p < 0.001), and non-reactivity (aggregate r = -0.11, p = 0.005) were negatively and significantly related with substance use behaviors. In contrast, observing (aggregate r = -0.004, p = 0.93) and describing (aggregate r = -0.07, p = 0.09) were not significantly related with substance use behaviors. Observing was more weakly related to substance use behaviors compared to describing (Q b = 9.73, df = 1, p < 0.001), acting with awareness (Q b = 8.00, df = 1, p = 0.005), non-judgment (Q b = 7.55, df = 1, p = 0.006), and non-reactivity (Q b = 4.37, df = 1, p = 0.04). In contrast, describing was not significantly different in its relationship with substance use behaviors compared to acting with awareness (Q b = 1.30, df = 1, p = 0.25), non-judgment (Q b = 1.60, df = 1, p = 0.21), and non-reactivity (Q b = 0.47, df = 1, p = 0.49). Acting with awareness, nonjudgment, and non-reactivity were not differentially related to substance use behaviors.
Substance Type Moderation
Because prescription medication, sedative, or stimulant use behaviors were each measured in only one study, these substance use behaviors were not included in the substance type moderation analysis. Substance type was a significant moderator (Table 3 ; based on 43 r values; Q b = 6.79, df = 3, p = 0.03). The relationships of trait mindfulness with alcohol use and marijuana use behaviors were significantly different (Q b = 5.98, df = 1, p = 0.01), with mindfulness being more strongly related with alcohol use (aggregate r = -0.12, p < 0.001) compared to marijuana use behaviors (aggregate r = -0.01, p = 0.72). Similarly, the relationships of trait mindfulness with tobacco use and marijuana use behaviors were significantly different (Q b = 20.66, df = 1, p < 0.001), with mindfulness being more strongly related with tobacco use (aggregate r = -0.14, p < 0.001) compared to marijuana use behaviors (aggregate r = -0.02, p = 0.39). However, the relationships of trait mindfulness with alcohol use (aggregate r = -0.12, p < 0.001) and tobacco use behaviors (aggregate r = -0.13, p < 0.001) were not significantly different (Q b = 0.004, df = 1, p = 0.95).
Exploratory Moderation Analyses
We performed exploratory analyses to examine whether demographic characteristics, clinical status of the sample, and substance use severity would moderate the relationship between trait mindfulness and substance use behaviors. Substance use severity was a significant moderator (based on 53 r values; Q b = 5.17, df = 1, p = 0.02), in that the relationship was stronger for problematic substance use behaviors (aggregate r = -0.18, p < 0.001) compared to non-problematic substance use behaviors (aggregate r = -0.10, p < 0.001).
Clinical status of the sample was a significant moderator (Table 3 ; based on 39 r values; Q b = 17.47, df = 2, p<0.001), in that the relationship (Q b = 18.11, df = 1, p < 0.001) was stronger for inpatient clinical participants (aggregate r = -0.38, p < 0.001) than non-clinical participants (aggregate r = -0.11, p < 0.001). Similarly, the relationship (Q b = 4.00, df = 1, p = 0.045) was stronger for inpatient clinical participants (aggregate r = -0.36, p < 0.001) than outpatient clinical participants (aggregate r = -0.17, p < 0.001). However, the relationship (Q b = 2.50, df = 1, p = 0.11) did not significantly differ between non-clinical participants (aggregate r = -0.11, p < 0.001) and outpatient clinical participants (aggregate r = -0.17, p < 0.001).
Percentage of male individuals in the sample (b = 0.0006, p = 0.44, k = 38) was not a significant moderator of the trait mindfulness-substance use behaviors relationship. Mean age of the sample (b = -0.003, p = 0.07, k = 35) and percentage of Caucasian individuals in the sample (b = 0.001, p = 0.07, k = 34) fell short of significance as moderators.
Discussion
This meta-analysis is the first to (1) quantify the relationship between trait mindfulness and substance use behaviors, and (2) quantitatively examine multiple possible moderating factors of this relationship. Findings of this review suggest a small negative relationship between trait mindfulness and substance use behaviors that is likely more robust for (1) alcohol and tobacco use behaviors, (2) inpatient clinical samples, and (3) problematic substance use behaviors. Additionally, there is an interesting pattern of results suggesting that this relationship might vary based on mindfulness facet assessed; in particular, acting with awareness, non-judgment, and non-reactivity were the only mindfulness facets significantly and negatively related to substance use behaviors in this current review.
The stronger relationship of trait mindfulness with alcohol and tobacco use might be due to characteristics of these substances. Alcohol use and tobacco use, but not marijuana use, are more likely to be characterized by processes associated with dependence-such as cue reactivity and cravings (Cooney et al., 1997; Drobes, 2002) . Consequently, trait mindfulness might be protective against alcohol use and tobacco use by counteracting these processes (Bowen and Marlatt, 2009; Garland, 2011) . At the same time, there are only six studies in the sample that measured marijuana use, thus reducing the power for detecting an association. Therefore, future research should seek to replicate this finding.
Additionally, the relationship between trait mindfulness and substance use behaviors was strongest among inpatient clinical participants compared to outpatient clinical participants and non-clinical participants, and was stronger for problematic substance use behaviors compared to non-problematic substance use behaviors. Trait mindfulness might confer stronger protection against problematic or clinical levels of substance use behaviors compared to normative, non-problematic substance use behaviors. On the other hand, because studies using inpatient samples utilized older participants (approximately 40 years old), it is possible that trait mindfulness might be more strongly associated with substance use behaviors for older participants. This is consistent with continuous moderation findings, wherein age fell short of significance as a moderator of the trait mindfulness-substance use behaviors association, and with prior theories suggesting stronger trait mindfulness effects in older individuals (Bednar, 2013) .
Although mindfulness facet was thought to be an important factor in the small and inconsistent relationship between trait mindfulness and substance use, it was not a significant moderator. However, due to the small number of studies included in each of these associations (k = 11 -15 across the five facets; see Table 3 ), examination of the pattern of effect sizes is warranted. We found that acting with awareness, non-judgment, and non-reactivity were significantly and negatively related to substance use behaviors, and that observing and describing were not significantly related to substance use behaviors. This is consistent with prior findings, wherein acting with awareness, non-judgment, and nonreactivity have incremental validity over observing and describing in predicting psychological symptoms (Baer et al., 2006) . This suggests that these facets are the most important facets protecting against substance use behaviors (Bowen et al., 2007; Fernandez et al., 2010; Ostafin and Marlatt, 2008) . Acting with awareness, non-judgment, and nonreactivity require higher order cognitive processes (Ives-Deliperi et al., 2011) , which could be important in avoiding problematic substance use behaviors; however, much more work is needed to determine if this is an important distinction.
Overall, the negative relationship between trait mindfulness and substance use behaviors found in this meta-analysis provides further support for a theoretical model, wherein trait mindfulness confers protection against substance use behaviors (Marlatt et al., 2004) . However, the small magnitude of the relationship suggests that the clinical utility and importance of trait mindfulness as a protective factor against substance use behaviors are limited. For instance, the relationship between trait mindfulness and substance use behaviors might be better explained by other important factors-such as impulsivity (Christopher et al., 2012; LePera, 2011; Robinson, 2010) , attentional biases (Chambers et al., 2008; Cox et al., 2002) , or distress tolerance (Linehan et al., 2007) . If this were the case, treatments aimed at modifying mindfulness to help protect against substance use behaviors would be misguided.
However, despite the small trait mindfulness-substance use behaviors association, it is still possible that trait mindfulness could still be an important target in treatment and prevention approaches. First, the protective effect of mindfulness against substance use behaviors might become more pronounced in context of specific mindfulness facets and substance use behaviors, although the current study only provides partial support of this hypothesis. Second, trait mindfulness can be considered a distal predictor of behaviors, whose effects are compounded through effects on more proximal predictors of behaviors-such as reduced cue reactivity (Chambers et al., 2008) , impulsiveness (LePera, 2011; Robinson, 2010) , and enhancement drinking motivations (Leigh and Neighbours, 2009) . Reductions in these factors are associated with subsequent and stronger reductions in substance use behaviors (Chambers et al., 2008; Leigh and Neighbours, 2009; LePera, 2011; Robinson, 2010; Townshend and Duka, 2001) .
At the same time, because nearly all the studies included in the current review were crosssectional, there might be alternative explanations of the trait mindfulness-substance use behaviors association. For instance, it is possible that the causal direction flows from substance use behaviors to reduced trait mindfulness tendencies. In particular, because trait mindfulness involves the use of higher order cognitive processes (Ives-Delliperi et al., 2011) , it is possible that higher levels of substance use behaviors reduce trait mindfulness by impairing higher order cognitive processes (Dom et al., 2005) . Moreover, it is also possible that the negative trait mindfulness-substance use behaviors relationship is reciprocal, such that trait mindfulness is associated with a small degree of protection again substance use behavior (Marlatt, 2004) and substance use behaviors reduce trait mindfulness (Dom et al., 2005; Ives-Delliperi et al., 2011) .
Although not directly addressed in this review, the current findings suggest areas of future research and inquiry regarding the utility of mindfulness interventions for the prevention or reduction of substance use behaviors. First, the current study suggests that such approaches might be ineffective for marijuana use, and more effective for alcohol and tobacco use; however, future research should further examine their usefulness for marijuana use, as well as stimulant, prescription, and other substance use behaviors. Second, it is likely that such approaches would be more effective in inpatient samples or for individuals who are exhibiting problematic levels of substance use, and less effective as a general prevention strategy for low-level and non-problematic use. Third, although only partially supported in the current study, it is possible that interventions or trainings would be more effective in reducing substance use behaviors by targeting the cultivation of acting with awareness, nonjudgment, and non-reactivity facets.
Limitations to the current study occurred at the meta-analysis level. First, the file drawer problem applies to the current meta-analytic review; however, fail-safe N calculations, Egger's test of asymmetry, and plots indicated little effect of study bias. Second, due to the limited number of studies meeting inclusion criteria, power was likely limited in some places (e.g. moderation analyses). Indeed, the Cochrane Database of Systematic reviews indicated that reviews with less than six studies can have well under 80% power to detect even a small association (Borenstein et al., 2009) . Relatedly, because the random effects model can yield underpowered results (Borenstein et al., 2009; Lipsey and Wilson, 2010) , we reported individual associations for studies to clarify that conclusions cannot be drawn from the review's associations and confidence intervals (see Table 1 ), and used a fixedeffects model to obtain a descriptive analysis of the included studies rather than making generalizations to a wider population (reported in Table 2 ; Borenstein et al., 2009 ).
The quality of any meta-analysis is also limited by the limitations of the included studies. The sample demographics (e.g. mostly Caucasion, non-clinical, and young adults samples) and the underrepresentation of research examining other drugs of abuse (e.g. stimulants and prescription medications) limit generalizations to other populations of interest. Additionally, because nearly all of the reviewed studies are cross-sectional in design, inferences about causality cannot be made based on the current state of the literature. Furthermore, because the present meta-analysis focused on the relationship between trait mindfulness and substance use behaviors, inferences about the effects of treatments or interventions designed to cultivate mindfulness to reduce substance use behaviors cannot be made; however, previous studies indicate mixed effectiveness of mindfulness based interventions or manipulations on reducing substance use behaviors (Axelrod et al., 2011; Bowen and Marlatt, 2009; Brewer et al., 2009; Murphy and MacKillop, 2014) , and inconsistent associations between mindfulness following interventions and substance use behaviors (Brister, 2012; Goldberg, 2013) . Moreover, measurement methods used in individual research studies can also generate certain limitations. In particular, disaggregation of more specific substance use measures (e.g. quantity vs. frequency) and mindfulness measures (e.g. unidimensional vs. multidimensional) might add more specificity and might change the results of the present meta-analysis. Finally, many studies did not assess potentially important factors that might moderate the relationship between trait mindfulness and substance use behaviors, including meditation experience (Baer, 2011) . Moderation Analyses 
